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PURPOSE
To resolve the following safety issues and concerns with the strong-back.
1.
Inadequate clamping between the strong-back and pump.
2.
Strong-Back support legs has no locking device.
3.
The crane might pull the stud-bolts out of the concrete in shop.
4.
The crane might lift the flatbed trailer.
2.0

SCOPE
To resolve the above safety items by designing a safety latch, pivot brace and a rear leg stabilizer lock.
DISCUSSION
The following calculation decides the integrity of the safety latch that will hold the strongback to the pump during lifting. The safety latch will be welded to the strong-back, and will latch to a 1 1/2" diameter cantilever rod welded to the pump baseplate (see figure 2, section 7.0).
The calculations assure the materials selected are of the appropriate strength to withstand the weight of the strong-back (1,634 lbs) during lifting. The weight of the pump will be carried by the crane at the lifting bails, which will be attached to the pump. A safety factor of (3) has been used as part of the design criteria, per the Hanford Site hoisting and Rigging Manual (DOE-RL 1993).
The safety latch has been designed so that an operator may release the jaws by pulling on a wire cable leading up to the latch, freeing the pump (see figure 2, section 7.0).
The pivot brace is designed to be mounted onto the flatbed trailer, and the floor of the shop. The Brace will allow the strong-back to pivot during lifting, and to move vertical, eliminating the issue of lifting the trailer or pulling the bolt out of the concrete floor (see section 6.0 for reference drawing).
The rear leg stabilizer lock will constrain the strong-back rear support by eliminating any forward, or lateral movements, allowing the operator to place the safety plate over the legs, and be bolted (see section 6.0 for reference drawing).
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The current design of the strong-back holds the pump in place by two pins on the yoke and two friction clamps at the bottom of the shaft. The safety latch is designed to take the load (1,634 lbs) of the strong-back in the upright position if slippage or failure of the pins accurs. Therefore, all load points are based on a load of 1,634 lbs, being placed on the safety latch in the vertical position.
The safety latch will be welded to a piece of structural tubing which will be welded to the strong-back.
Each pump baseplate will be modified with a 1-1/2" diameter cantilever rad, approximately 8 inches long. The cantilever rod will be welded to the pump base. This will be the second link to the safety latch.
4.0
RESULTS
The static analysis (see section 7.2) was based on a using a safety factor of 3, it was found all materials selected for the safety latch components will support the strong-back.
By comparing all the calculated stresses to the tabulated yield points for each of the components and their welds (see Appendix A), the component first to yield would be the shoulder bolt, if a continuously increasing load were applied. The shoulder bolt is fabricated from ASTM A325, which yields at 92 ksi. The calculated stress for the shoulder bolt is approximately 25 ksi. This stress is based on the shoulder bolt taking the full static load.
The dynamic analysis (see section 7.3) is a conservative approach based on the strong-back free falling 1/4 inch and causing the safety latch to come in contact with the cantilever rod, thereby shock loading the safety latch components. As stated above the first component to yield is the shoulder bolt. Assuming the stress-strain curve for the shoulder bolt is elastic and perfectly plastic, and assuming that all the kinetic energy is absorbed by the shoulder bolt, the analysis shows that the shoulder bolt can absorb 6.7 in-lb in the elastic range, and 6,261 in-lb in the plastic range using an ultimate strain of 0.11 Win. The kinetic energy that needs to be absorbed is only 414 in-lb and is far less then the ultimate energy which can be absorbed by the shoulder bolt. Therefore: based on this conservative approach, if all of the kinetic energy is applied to the shoulder bolt, fracture would not occur. It should be noted that the kinetic energy is actually absorbed by all the safety latch components and not just the shoulder bolt. Since the shoulder bolt is the first component to yield (weakest component), once yielding is initiated, and assuming an elastic perfectly plastic stress strain curve for the bolt, no additional load (or stress) will be applied to the remaining components. The shoulder bolt will continue to deform into the plastic range until all the kinetic energy is dissipated by deformation of the shoulder bolt. This analysis shows that the shoulder bolt will not fracture (reach the ultimate strain) if the strong-back falls 1/4 inch.
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CONCLUSION
The purpose of the analysis is to resolve the safety issues dealing with the strong-back listed above in Section 1.0, by analyzing the static and dynamic loading to the safety latch during lifting. The static and dynamic analysis shows that the safety latch will have the integrity to hold the strong-back to the pump if the friction clamps were to fail and the pump was to become free from the strong-back. This analysis proves the safety latch will function as designed, and will meet the requirements of the Lifting and Rigging Manual for under the hook lifting for static loading. This analysis also shows the safety latch is also capable of sustaining shock loading induced by the strong-back falling 1/4 inch. shear stress, psi.
shear stress due to tension, psi. The shoulder bolt is assumed to be simply supported, loaded at the center.
WHC
Material: 3/4" ASTM A325 type 3, Ys= 92,OOO psi. Allowable = 92,000/3 = 30,666 psi.
[3a] Calc. shear stress due to a load of 1,634 lbs, by two clips. [3b] Calc. the maximum bending stress in the shoulder bolt, assuming a simple supported beam.
[3c] calc. the section modulus for the shoulder bolt. Calculate the bending in the 1 1/2" diameter lever rod, welded on the pump base plate.
Material: 1 1/2" diameter rod, AIS1 4130, Ys=97,000 psi Allowable = 97,000/3 = 32,333 psi Assumption: The moment will be taken 2.375" in from the right end of the lever rod, and not at the welded end, since the support bar relieves the stresses at the weld.
Calc. the maximum moment
Calc. the section modulus.
Calc. the bending stress. [a] Wc. the required weld size using a 8016-B2.
The allowable weld shear is the allowable of the base metal 12,000 psi. [SI The following calculations analyzes the induced stresses in the safe,] latch housing support, which will be welded to the back side of the strong-back.
Material 8x8x3/16x5" lg. steel tube ASTM A36, Ys=36,000 Section Modulus Z=14.6 in3 Reference pg 1-95 of the AISC.
